The present work provides a reliable interpretation of the K h α 1 /K h α 2 intensity ratios and an explanation of the lifetime values for K -shell hollow atoms based on an advanced theoretical analysis (using extensive multiconfiguration Dirac-Fock calculations with the inclusion of the transverse Breit interaction and quantum electrodynamics corrections). It was found that, as a result of closing the K h α 1 de-excitation channel in the pure LS coupling scheme, the K h α 1 /K h α 2 intensity ratio changes with the atomic number from small values (for the LS coupling limit at low Z ) to about 1.5-1.6 (for the j-j coupling limit at high Z ). However, closing the K h α 1 de-excitation channel (due to the domination of the pure LS coupling for the low-Z atoms) does not enlarge the lifetimes of hollow atoms.
Introduction
In recent decades, the hypersatellite lines in x-ray spectra were measured by using various experimental techniques. High-resolution measurements of such spectra [1] [2] [3] [4] give direct access to information on the natural width of the hypersatellite lines and the lifetimes of the K -shell hollow (i.e. doubly K -shell ionized) atoms.
Recently, the K h α 1,2 hypersatellite lines in x-ray spectra of Zr, Nb, Mo and Pd targets bombarded with 250 MeV carbon and 360 MeV oxygen ions have been measured with high-resolution diffraction spectrometry by Rzadkiewicz et al [2] . The de-excitation of the studied doubly K -shell ionized state via the spin flip in the K h α 1 transition is forbidden in the pure LS coupling scheme ( 1 S 0 → 3 P 1 ) but allowed in j-j coupling (see figure 1) . As a result, the K h α 1 /K h α 2 intensity ratio changes with the atomic number (see figure 2 ) from small values (for the LS coupling limit at low Z ) to about 1.5-1.6 (for the j-j coupling limit at high Z ).
In a work by Rzadkiewicz et al [2] , the experimental widths of K h α 1,2 lines have been compared with two formulae: the first one-statistical (proposed by Mossé et al [7] )-is based on the assumption K K ≈ 2 K and the second one (phenomenological-proposed in [2] ) takes into account the possibility of enlarging the lifetime of the K −2 hole state (and correspondingly decreasing the natural width of the hypersatellite line) as a result of closing the K h α 1 de-excitation channel in the pure LS coupling scheme. However, it was found that the experimental natural widths of the K h α 1 and K h α 2 lines significantly exceed the values obtained from the formula proposed by Rzadkiewicz et al [2] , but are in good agreement with the simple statistical formula. Moreover, the experimental lifetimes of the double K -hole states (deduced from their measured natural widths) are close to those predicted by the statistical formula, but significantly shorter than the values determined by means of the formula proposed by Rzadkiewicz et al [2] .
The present work provides a reliable interpretation of the K h α 1 /K h α 2 intensity ratios and an explanation of the lifetime values for the K -shell hollow atoms based on the advanced theoretical analysis (using extensive multiconfiguration Dirac-Fock (MCDF) calculations with the inclusion of the transverse Breit interaction and quantum electrodynamics (QED) corrections [8] ).
Results and discussion
The proper description of the atomic state requires applying an intermediate coupling (i.e. mixing of configuration state 
states (see equations (1) and (2) functions of a certain J ). Therefore, to describe the
hole states (see figure 1) figure 1 ) is given as a · |(1s
and the final lower state (commonly labeled as 3 P 1 ) is given as b · |(1s
The coefficients a and b for selected atoms are presented in columns 3 and 4 in 
Summary and conclusions
As a result of closing the K h α 1 de-excitation channel in the pure LS coupling scheme, the K h α 1 /K h α 2 intensity ratio changes with atomic number from small values (for the LS coupling limit at low Z ) to about 1.5-1.6 (for the j-j coupling limit at high Z ). However, it was found that closing the K h α 1 de-excitation channel (due to the domination of the pure LS coupling for the low-Z atoms) does not enlarge the lifetimes of hollow atoms. The lifetimes of doubly K -shell ionized states are a bit more than two times shorter than for singly K -shell ionized ones for all of the atomic number range. The obtained theoretical results are in agreement with measured K h α 1 /K h α 2 intensity ratios and the lifetimes of the doubly K -shell ionized states.
